METHOD FOR SUPPLY OF STARTER CULTURES HAVING A CONSISTENT QUALITY 



FIELD OF INVENTION 

5 The present invention relates to the field of producing starter cultures. In particular, a 
method for production of starter cultures with a consistent quality has been developed for 
the food, feed or pharmaceutical industry. Specifically, the method involves the use of 
subsets of a stock inoculum material which comprises a concentrate of cells to be 
propagated for direct inoculation of a cultivation medium to obtain a starter culture 

10 whereby the conventional and less profitable stepwise preparation of inoculum material 
for the production of a starter culture can be avoided. 

TECHNICAL BACKGROUND OF THE INVENTION 

1 5 Microbial cultures are used extensively for fermentations in the industry, both in the 
manufacturing of food, feed and pharmaceutical products, and in the manufacturing of 
specific products, such as enzymes, primary and secondary metabolites. 

Although the majority of fermentation processes still relies on inocula naturally occurring 
20 in the fermentation medium, most fermentations are now based on the use of dried, 
frozen or freeze-dried microbial inoculation media. Inoculation material is produced in 
small ampoules and distributed to the fermentation plants and each plant often makes 
several steps to be able to inoculate large fermenters in which the product is produced by 
fermentation. 

25 

In the conventional production of starter cultures, the cultivation of cells involves an in- 
oculation procedure where the final cultivation medium is inoculated with an appropriate 
number of the cells (the inoculum material) to be propagated. 

30 According to presently used working procedures the inoculum material is prepared using 
a stepwise or successive propagation starting from a generally small amount of inoculum 
material, also referred to as a mother culture or a primary inoculum material. This 
inoculation procedure typically involves 2 to 4 propagation steps, using increasing 
volumes of medium in order to obtain sufficient inoculum material for the inoculation of the 

35 final cultivation medium for the starter culture organism. 




inoculum materials, is confronted with several p . e ^ 

each step in the procure leading to ,h« ; P-« < ^ ^ , ^ 
.ransfer o. the inocu,um from one volume to » a,ve y ^ 

6 r ,sk ot contamination o, - I— n , ^ sp o„age bacteria, e.g. 

organisms from other fermentations, i.e. cross 
S ac*s species or Gram-negative bacteria, or bacteriophages. 

intensive, and in addition occupies relatively much space an q P ^ 
P— o, the ' - *~ - 

f ,na, inocu,um - «- ^ d exihle working schedule is mandatory, <iii> the 
15 production planning, re. a tight an and (|y) ^ 

===== — "-r:ssrsr.rr 

20 different to the one contemplated. 

h .tarter culture production from a mother culture there is a risk of a 
Hence, by making prcduced batches cf the final inoculum 

high variation between the quality of separate* p ^ 
materia, . both in-house and between factories ^ )ermentatjon end 

25 producing company, i.e. high variation with regard to quality 
products made by use of commercial starter cultures. 

,„ , h e fermentation industry, there is a .ear trend ^^^^ 
production planning, high qua,«y of the en ere is an exorbitant 

30 the indivlduai production batches of starter and and , hus 

demand for improved production methods wh,ch reduce manpo 

expenses. 

for an improved procedure for inoculating a final 
Therefore, there is a dear need for an improve p ^ ^ ^ rf 

35 cultivation medium which is not only adapted to the mcreas.ng 



• . e tar+ Pr cultures or desired products, and a 
contamination durin 3 production o, — (hat the ahove prohiems 

nig h consistency of .he cuaiity hereo, but ** P ^ ^ 

associated with the currently used method of P"P«* degree of 

red uced or eiiminated. The method which „ proved ~ 
5 flexibility, and the production time and manpow are educe 
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SUMMARY OF THE INVENTION 



. f e Qf the presen t invention to provide, a one-step, direct inoculation 
lt is the primary objects of the present Qf hjgher flexjbilitVi 

procedure W hich m e.s the a higher reprodu «V -ween 

15 better quality management ot tne enu y 
production batches. 

- ^thnri for supply to customers in need of a starter 
The present invention prov.des a me hod r s pp y ^ ^ ^ 

culture characterised by a cons.stent qualrty. The met 
20 invention comprises the following steps : 

(i) supp ,y o, a stocK inocuium materia, comphsin, a concentrate „ starter cuiture o.an- 

ism cells; 



30 



M newest o, the propagated celis to provide a starter cuiture. 



DETAILED DISCLOSURE OF THE INVENTION 

T hus, in its .oa.es, aspect the — - ^ ^ ^ a 

6 Renders a. purchers - microbial ^^^"1^ 
provide high quality products to their customers. Such products ecu 

number of different functions. 

. ===== 
— : ====== - 

number ot cells per ml and composition hereof. 

The fits, step o, the method according to the invention is to provide a stocK inoculum 
The Tirsx step production strain or strains. In the 

material which after dividing it into subsets can be stored, and 

propagation factory is able to produce starter cultures at any t,me and of a h,gh 
3S c—, q ua,«y because the starting material for the different starter culture 



._ u „f th» stock inoculum material, originates from the same 
productions, i.e. the subsets of the stock , he subset can be used 

stock and thus is substantia,,, always the - £ 0) the 

,or direct inocuiation of the c— - ,h^ ^ . ~n* ^ ^ ^ 

production strain or strains used as the starter cu cultivation medium. In 

5 certain tha, the chosen starter culture is ^ ^^ ^^ number of 
a preferred embodiment, the stock inoculum matenal comprises a substa 
L^s which are individual sea,ed and enciosed as disciosed be,ow. 

According to the present invention, the stock inoculum — ^ ^ 
10 appropriate conditions for a, ,eas, 24 ^."^ ~ ^^dL. wh»e 

1 . months. As mentioned in the -mp'es "e - — ^ , such as 
for a, leas, 1 year, such as at leas ^ = e ^ ^ 

IT n « - - - -7 and ' or me,ab * 

ana/or mei 80 % or 90% hereof, 

activity is maintained, such as at least 60 /o, 70 /o, ou 

* n c tnrf» the stock inoculum material in a liquid 

£S==========- 

stabilising compound. 

u h tnnd that the size of the stock inoculum material depends on the type of 

demand * . ^ T r : = . , 

U se,u, embodiments, ,e stock inocuium material ^^^T«, as 

method is in ouan,i, te s sutfcien, ,0 ino^a* , a £ medium, e,. a. 
30 a, ,eas, 50 kg of cultivation medium, 9 of medium , suc h as 

leas. 200 kg of cultivation medium including a. I s.^9 
at least 500 kg of cultivation medium, such as at least 1000 kg cult 

I 5,000 kg of nation medium including a, leas, 10,000 kg . cu,va,, 
medium, such as a. ,eas. 20,000 kg of cultivation medium, such as a. leas, 30,000 kg 
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m » n at least 80 000 kg of cultivation medium including at least 
cultivation medium, e.g. at least ou,uuu a 

180,000 kg of cultivation medium. 

.east 5 months, e.g. at least 8 months, indud.ng at least 1 year, 
e.g. at least 5 years, including at least 10 years. 

is considerably reduced. 

. a, c, .twet thereof may conveniently be in a liquid, 
Th e stoc* inoculum ^ or spray . ried . I, wil, be 

20 semi-liquid, frozen or dned state, such e.g. 

understood that , the inoculum materia, is ^™~£^T»> ^ 

r :r;: rii:::r:: r rrz~ — - 1 

rrrL^V— • with 3n aqueous —^"3^ 
25 the cells before adding it to the cui.iva.ion medium ,n step (, Jh « 
he water including tap water, distilled water or deion,zed w a. . c 

m edium which is suitable for - d«eren, 
„„e, or solutions containing organic compound and* 
salts The aqueous medium can further comprise buffenng agents 
30 n*en,s * example of a production of a stoc* inoculum materta, us,ng the present 
method is described in detail below. 

35 rr ::::::: ,::irr n or ^, ^ * — 



qU en, production of starter cultures" indicates tha, by providing a relative* large^ty 
quent pro rf ^ ^ |n<)Culum matena , ] ,. e . 

r;r:;r: « - - - s ame ,0* « - 

may be produced at different points in time and at different locates. 
5 The third step o, .be present method is the propagation of the ceiis of the production strain 

appropriate for ,b spec , st ^ ^ jn usefu| 

, 0 obtain the amount of cells needed for ^ ^ ^ ^ ^ ^ 

embodiments, such a penod of time is at least ^ no 

nht.ined The term "production strain" refers, in the present context, to cells any 
2 0 - ca P n be used in industrial productions o, starter Cures inciudm, 

species of bacteria inctuding lactic acid bacteria, fungi and yeast. 

„ will easiiy be understood that the inocuiation into the cuitivation medium with the stock 
It will easily oe una r „ n ™ ntra te of a production strain or strains 

in ocu,um materia, subsets compn n — * ^ ^ ^ ^ be _ 

25 resulte ; n 7^^^!^ * ,he present inven,ion ' ,he ,erm " the 

process, such as a fermentation process, as discussed below. 

«f th» nmduction strain or strains for an appropriate period of 
Following the propagat.on of the production 

,,e, the propagatec ^^^^^Z^^L^ 
35 to the customer in need of a starter cunuie 1 k 



b e desirable ,o separate the cel,s from the -a*, — ^ 
ferred embodiment of *e invention. the method ^^^^ote desirabie ,0 
tially separating the propagated ceiis or biomass. However, may 
,eave the starter culture in the fermenter for further products. 

5 iate d that the cultivation medium used in step (ii) of the method according 

It will be appreciated that trie cuiuvau nm „ aaa tion of microbial 

t0 , he invention may be any conventional medium ^d me dium and 

cells Such a cultivation medium may be in liquid form . sem. I.qu 
* comprise one or more single milK components including *mmed m„, 

'° As mentioned above, the stocK inoculum mateda, comprises = ate of a proton 
strain or strains to be used as starter Cure ^ - 
expression "a concentrate" relates to a suspense o o r med, P 
cells, said suspension or medium having a content of ab e celis (co, 

„ CFUS) which is a, leas, 10' CFU per g, such as at least 5 x 10 ^J^ J 

' L , . „ in s r pii Derq such as at least 10 ui-u pei y 

m 9 CFU oerq including at least 5x10 U-u perg.au 

10 CFUpe g, " at least 10 11 CFU per g, such as at least 

including at least 5x10 CFU per g, e.g. 

10 « CFU per g including at least 10« CFU per g, e.g. at leas 5 1 CF 9 
However, in useful em.odi.ents the concentrate as ^ * ^ ^ pef 
20 the range of 10° to 5 x 10« CFU per g, such as .n th rang of 1 
h the range of 10* to 5 x 10" CFU per g, including .n the ange o 1 
such as in the range of 10° to 5 x10« CFU per g, e.g. m the range 
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material in step (n) oT tne pre in0C ulum material is directly 

,n advantageous embodiments, the subset of the stock nocu ^ gs 

— rrr — r= =r = - . . - 

30 most 0.005%, including at the most 0.001%. 

, n accordance v*h the method of the invention the -^^^^T 

eculum materia, for direct inocuiaton *££ZZZZZ l—ly after 

me thod prov.es ^* ~ ^ —» ^ 
35 inoculation, and the CFU per g ot tne a 
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„f 1 100 to 1 100 000. In the calculation of the above ratio, it is im- 
iated, in the range of 1 .100 to 1 M . mmediate , y 

portani ,hai ,h : rr- ™ si » * 01 ,he inocuia,ed 

afterthe inoculation of the cells. I m|nutes and 

cultivation medium w«h,n a short per, J timum for thi s. 

subjecting the collected sample to a CFU determ 

ln certain preferred ^^^^ ^ZZ Material being inoculated 
immedia ,e,y « ^ ™L ran , „, ,,,000 ,0 1,0,000. such as 
is in the range 1:1,000 to i.^.uw. 1100,000. 
in the range of 1:10.000 to 1:20.000, including ,n the range of 1.15,000.0 

ln ord er to achieve a reasonably rapid oei, 
pre ,erred to add an amount of the ' ^ ^ on medium .medi- 

cs a number o, CPUs which ,s *^J™J ^ as „ , east 10 , CFU s per g, 
a,e,y after inoculation, such as a, leas. However in usefu , em . 

15 e g. a, leas. 10" CFUs per g includ.ng a. leas. 10 CFU 6 g 

Pediments, the added amoun. o, the ^£ of cu „iva.ion medium im- 

. number of CFUs fta. is in the rar^e c 1 to 0 C FU . p , ^ ^ ^ ^ 

mediately after inoculation, such as m the range oi 
range of 10* lo 10' CFUs per g. 
20 , » t »ri»l is added under conditions where the material is 

25 low. 

,„ 0 ne usefu, embodiment, the inoculum materia, is P = a ^ ~ - 

.erabiy non-pyrogenic, which ^J^^^^ * " * 

selected from ,he group — . * ^ . an a0 . 

30 ylene, a polyester, a polycarbonate, a p y ^ 

^M. and a ceilulose denvative. T*. use o « ^ J sea , ing t0 

ag i„g after loading with ^ZZ JZ^ - 3 — — 

achieve a low volume . Thus, the enciosur anrln - ura can be made of a solid 

„hich can be made o, a flexible material. Optional y. the en*, r be 
35 matena, e.g. selected from the group consisting of a polymers, glass 



. ~ mav also be filled with a non-atmospheric gas prior to sealing. It will be 

modified atmosphere such as e.g. N 2 and CO, In a further us 
enclosure is made of a flexible material comprising metal fori. 

vidual production plants. Th,s appl.es h t embodi ment, the sealed 

10 .rate and to the cubic content of the enclosure. Thus, ,n a spe 

enclosure has a cubic content of a, leas, 0.005 litres, sue a a ^ 
a „eas, 0.1 litres, e.g. a, least 0.5 litres, such as a. leas 1.0 . 
such as a, least 2 Utres, e.g. at least 5 litres includ.ng at leas, 10 l,.res, e.g. 
litres or at least 20 litres. 

20 o, oe,,s to be substantially asepticaliy introduced into he - 

may be in the torn, o f a pipeline provided ^ ^ on ,ainer, pro- 

25 which may be provided wi,h a screw for connedon 

, n M c with ,he invention, ^^^^TJT 

species a S^ococcus species, a Micrococcus spaces, a Sac*s speaes a 
:r—e spe.es including 6— «* - ~ 3 

Cn^rn species, a S^/o— species, a spe • 

pZ— species, a a MycofcaCemrrn speces, a 

35 Rfrodococcus species, a fungal species and a yeas, speaes. 



* 
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5 l^trt. SPP «* - LaC '° "ZsciUus betveticus, L ac,ooac»s 

S9i , LactooacV/us «*» Le „ co „ os(oc spp . such as 

Mbw ec k ii subs, bu lg ^ S and and L a— o 

meS e ntero »s subsp. o rem or, S , ^ ec ,, m , and Streptococcus sp, such 

10 such as Er-terococcus durans and Enterococct/s 
as streptococcus thermophilus. 

■ . «,= n »nus Bifidobacterium including Bffido- 
Aiso the strict anaerobic bacteha belongs are use d 

pharmaceuticals, amino adds, vitamins, cheese and meat. 

H as so called probiotics in- 
2 0 A further group o f iaCic acid bacteria, ^ TlZs lc^lus gassert. LactoPa- 
c ,ude e.o. L-**—**--* U< **^^ d0 ^ 
c*s case/, P^,"*^^, Wanfe , WM^ 

lM us rsuterf, L ac,oPac*s '^^^ *~ 
adofescent/s. BffltfofcaeteriUn. tong«r>, Btftdooacterrum 
25 enterococcus faec/um and Streptococcus sa/,vam/s. 

, . „ cultures are fungal cultures, including yeast cultures 
Another group of microbial starter cultures are ^ g manufacture of certain 

and cunures of filamentous fungi, which are partcul rty se X ^ 
typ es o, enzumes. pharmaceuticals, species such as 

30 Examples of currently used cultures of fung, '"* de rt( and Pen « U m 

* :^:z;:Zri* « — *-* 

candtdum, GeornOu. K I~e s rax,a„ U a and Ktuy— as 

K/uyveromycea spec.es such as Kluyveromy Toretospora species such 

tr.errnotote-ans, ***** SUCh M ASPeW '"Z TsLrJyces cerate, 

35 as Toretospora Mbn«M Saccaromyces speces such 
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• anH Saccaromyces kefir, Ogtsea species, Trametes 

rrccr;— r s P L, ~~ — - 

B from a genetically modified strarn of one of th ab ° modified 

useful in -he industry. As used herem, .he P s o g ^ ^ 

bacterium" is used in its conventions 

tai „ed by subjecting a strain to any «**«^^ suiphonate (EMS, or N- 
ing tre a,men< with a chemical mutagen , y occurring mu ,ants, 

,„ m ethy,-N,n„ro. N .*oguanid,ne to provide the genetically 

inciuding classical mutagenes,s. Furthermore P^ ^ spontaneously occurnng 
modified organism by random ™*»*>™»» » .„ „ envisag ed that mutants 

mut an, i, without the ^^Z^ -Ling site-directed mutagene- 
of micro-organrsms can be pro * d by ^ Qf ^ DNA se . 

M ofien in severe, —ion Processes ^^^T^ 

20 rrr - - - * — - 

Tip** and Latfooac^ subsp. 

*-a rolls in step (iv) of the method according 
Subsecuen, to the production o, the propagate I c* n s ep ^ ^ 

to the invention, the ce»s may be recovered ton. the pnoduc ^ 
25 order to be shipped to the fermentation ^ ^^Z oculation o, milk which 
. preter red "£^21. - the group consisting 

is further processed to obta.n a dairy p fer mented milk product such 

o, cheese, yoghurt, butte, incited steps are carried ou, using 

as e.g, buttermilk or drinking yoghurt. Such furthe ^ p ^ ^ ^ ^ 

30 convention, process steps. ^J^^ - * - «*~ « 38 

c^ed probiotics. In the present con e* «- t P humans „ ^ 

microbial cui.ure which, when rngested ,n th form o micrMrganism s in the 

confers an improved health by ^ing to the digestion 

gastrointestinal tract, by enhancing the ,mmune system 



>Jt3S5? 
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„, nutnen, * tyP simple o f such a probioticatiy active product is "sweet — 
milk". 

,„ an interesting embodiment, the cells being p ;rr in = - 

chymosm or proteases, and enzym expression encompasses 

„ starch, ,oo, feed, - - • ^h—sl, an antigen, a vaccine 

pharmaceutic* a re bacteriocins, pigments, vitamins, 

and an interleucin. Furthermore, des,red product 

amino acids, emulsifiers, and flavouring compounds such as d.acety, 

— — ,, the desired product is — a 3 
p ,men, and a flavouring compound, ^ additlve . 

vitamin, a growth-stimulating compound, a food add,t,ve 

Th e invent wil, now he described in further detaits in the .Cowing non-limiting e*am- 
20 pies. 

EXAMPLE 1 

•♦• nf thP aualitv of commercialsta^^ 

Evaluations^ 

25 ^Ts^e^^ 

hy a convention al method 

1 1 introduction 

k . -omoarison of the deviation of the quality of commercial starter 
30 This example shows a companson m and ^ 

cultures when produced by using a subset of the ^ * 
produced by a conventional method for producng a comm c a, s rt 
stepwise or successive propagation startng , om a S en«a V « ^ 
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material to inoculate the final cultivation medium 
culture. 



for the production of a commercial starter 



, 2 , Pro d U c«on o, , stocK inocu,m materia, for S.ep.ococc U s — s 

strain TH-4 

, n „ the production of a - ^^^ZZ »«™ 

10 lation o, a mother culture (Primal lnocu,a„on inoculum materfai. 

* a volume of cultivation medium which . — ^ volume o, cultivation medium 
The volume of step A is subsequently inocuiateu 

Finallv, the step B 

whi ch is incubated to obtain a P^££^£ ^ to obtain a 
v o,ume is used for inoc^on ^ from step c by c entr„u g ation to 

Appa ren,, y . the production o, a stocK inoculum ^ 
auction o, a starterc^e — > ^ 

20 7:ZIZ^° -sed I read, ,r use as the stepwise pro P a g a„on o, 
tne ceils is omitted at the individua, starter culture factories. 



Product/on of the first inoculum materiel (step A) 



25 



Th e cells present In an ampoule contain,, ■ , = 

— * ' " ^t^Z^Jo* - for 20 mi, 

r ::r as « - * - — ^- - 

30 inolm materia, was incubated for « hours a, the temperature o, 3T C. 



Produdto. of the second Inoculum material (step B) 
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• . , *™ The inoculation concentration of the first inoculum 

temperature of 40°C. 



5 Production of the final inoculum material (step C) 



- j r was used for inoculation 

Th e voiume o, me second inocuium ^^^ZZ cU^ .0 obtain the 
of 20 00 litres of a biomass production medium » (OXO. > ^ 
f ,na, inoculum materia,. The medium was « ^ solution <w,v). The M17 

,0 muitiplied by 6. The medium was ""-^^^d to 40'C, and incubated 

cells were cooled to 10 C. 



1.2.1.1 Operation parameters during pro 



20 The propagation was performed under pH control. 



pagation of the cells in step C 
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Temperature: 
Inoculation concentration: 

Set point: 
Base: 

Gas in headspace: 
Fermentation time: 



40°C 

1 % weight 
pH 6.0 

NH 4 OH - 25% 
N 2 

4 hours 



30 obtain a stock inoculum material 

a tPd cells were subjected to a centrifugation step to obtain a con- 
After cooling, the propagated cells were J |p g ^ 

centrate of the cells. Centrifugation was earned out .n 
density of 1x1 0 11 cells/gram. 

35 





owes, and Kept at 5X until freeing. The con , ajnlng 1000 g 

pyknic bags made from a flexible matenal. and illed ~ 

„ t he concentrate. Thus, in — fc , ^hZd to inocuiate 1 5,000 
5 of 100 bags of 1000 g was prov.ded. One of these g 

- °* — medium - Afte, :r "..s, « . 

cabinet with liquid nitrogen sprayed into the caoinex y 

ir.e.peraL o, -60'C, and .be bags were subset stored a. -50 C. 

« ..ortor mltures by conventional methods 
10 1.2.2 Production of starter cultures uy 

nvs (Direct Vat Set) starter cultures, which are highly 
example of starter cultures produced by conventions, methods. 

stepwise propagation, .... -n 9-- p ^ Qf 

moth er c,ture of the ce , ,n ^e ^ to obtain the starter culture, 

inoculum matenal for the .noculation nerforme d with 1 % of inoculum 

?0 Normally the inoculation of the cultivation med.um .s performed with 
20 Normally of cu|tjvatjon med .um. 

material, corresponding to 150 Kg per io,u 

iitwation medium containing the starter 
Subsequently, to compete the propagation, the ^ 

- r * rrrp=^^ - * 

25 prising about 1-2x10 cells per g diame ter of only a few 
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30 1 .2.3 Reproducibility of the qua.ity of starter cuitures 



T es,s tor product qua,, such as ^^^^T^T 
produced by the two methods described in 1.2.1 and >\.z. 



Product quality, such as e.g. metabolic activity and cell number of the produced starter 
culture, of 10 different fermentations in milk using starter cultures produced by the two 
methods, respectively, was evaluated after 4 hours of fermentation by determination of 
the mean and standard deviation of the fermentations by measuring the cell numbers, 
5 metabolic activities and frequency of contamination determined by standard procedures. 
Metabolic activity is given as the amount of freeze-dried product in grams used to obtain 
500 units. 1 unit = the activity of 1 gram of frozen DVS TH-4. 



1.3 Results of reproducibility 
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As shown in table 1 .1 , the variation between the product quality of the 10 fermentations in 
milk using starter cultures produced by using a subset of each of the 1 0 fermentations of 
the same stock inoculum material is small compared to the variation between the quality 
of starter cultures using the conventional method. Variation is given as means and 
15 standard derivations. 

TahiP 1 1 Means and standard deviations betw een the metabolic activity and cell number 
of 1 0 different fermentations using starter cultur e s produced by using a subset of a stock 
innnni nm material, and cultures p roduced in accordance with the conventional method . 

20 





Metabolic activity (g/500u) 




Cell number 










(10 10 < 


cfu/g) 


Starter culture 


mean 


deviation 


mean 


deviation 


New method 


91 


8.6 


37.9 


6.35 


Conventional 


117.5 


22.61 


45.7 


23.61 



1 .4 Conclusion 



25 From the above experiments it can be seen that the fermentation performance of the 
tested starter cultures was improved and more consistent if the starter cultures were 
produced by using a subset of the same stock inoculum material, compared to the 
fermentation performance of starter cultures produced by the conventional method. 

30 Thus, by using the new method it is possible to reduce the variation of the product quality 
both from batch to batch, but also between factories and plants within a given company. 



Furthermore, the inoculation system as provided herein permits central preparation of 
large batches of inoculum material, which can, if required, be stored for extended periods 
of time, and thereby lead to reduction of workforce. In addition, the method disclosed in 
the present invention implies a high degree of flexibility as the time for producing a 
5 commercial starter culture is reduced considerably. 

The stock inoculum material is thus a highly concentrated inoculum material which can be 
frozen in a transfer enclosure and stored for up to 5 years. Before use, a subset of the 
stock inoculum material can be thawed, optionally in a water bath for half an hour, and 
10 used immediately for inoculation of fermentation material for the preparation of a starter 
culture. 

Thus, there are great advantages of using the new method. First, the conventional 
method is no longer needed and hereby time, manpower and the cost of raw materials for 
15 the stepwise propagation are saved. 

Secondly, it is possible to subject the stock inoculum material to various quality tests and 
procedures before use which ensures a high quality of starter culture when using a subset 
of the stock inoculation material that possesses high metabolic activity and a high cell 
20 number, with substantially no contamination and containing the desired starter culture 
organisms. For comparisin, when using the conventional method of producing starter 
cultures, there is often not enough time to subject the inoculum material to all of the 
below listed tests before the inoculation of the final fermentation medium. 

25 1) Tests for contamination: 

- non-lactic acid bacteria, 

- non-desirable yeast and moulds, 

- coliforms, 

- enterococci, 
30 - staphylococci, 

- hemolytical bacteria, 

- Bacillus cereus, 

- anaerobic gas producing spore formers, 

- lactobacilli and pedicocci; 

35 2) Count of total viable cells, i.e. total number of viable cells per g of culture; 



3) Donation of colony morphology in order to secure that the starter culture consists 

of the desired organisms; 

4) Determination of purity, i.e. test for contaminants after 2 times of re-flrowth i n* 

5) Determination of metabolic activity such as acidification activity by determ,nat,on of pH 
5 reduction in milk after incubation for a specific period at a specific temperature; 

6) Phage test in order to determine if the culture contains bacteriophages wh.ch may 

attack the starter culture; 

7) API test in order to test which sugar types can be fermented by the starter culture 
strain. The obtained results are compared with previous results found for this stra.n 

10 (like a fingerprint); 

8) Resistance to bacteriophages, i.e. addition of different active bactenoohages to the 

culture to which the culture should be resistant; 

9) Determination of the content of Listeria species and salmonella species; 

10) DNA fingerprint and p.asmids to ensure that the starter culture comprises the des.red 

15 organisms; 

11) Fermentation tests. 

Thirdly the production planning at the factory producing the starter culture is very flexible, 
as it only takes a very short time before a new fermenter can be inoculated due to the 
20 short time of making the inoculum ready for inoculation, e.g. if the stock is in a frozen 
state, the thawing of the subset of the stock inoculum materia, contained in an enCosure 
takes only about 0.5 to 1 hour for a unit of 1000 g. 

,n summary, it can be said that one batch, i.e. one production of a stock inoculum materia. 
25 results in a high number of enclosures which consist of the same inocu.um matena., and 
allow a production of starter cultures with a consistent quality. 

EXAMPLE 2 

30 Production of a stock inoc ulum material of yeast 

This example describes the production of a stock inocu.um materia, of Debaryomyces 
hansenii strain LAF-3 which is useful in the present invention. 
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2.1 Material and methods 
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,„ summary (he production of a stock is initiated (step A) by the inoculation of a mother 

in summdiy, 1 " 8 rFlJ/ : to a v0 | ume of a cultiva- 

5 culture (Primary Inoculation Material) conta.n.ng 1 x 10 CFU/g a vo 

tion medium which is incubated aerobicaliy to obtain an inoculum matenal. The volume 
ep A is subsequently incited into a ,ar g e volume c. Nation medium wh,c ,s ,ncu- 

bated aerobically to obtain the final fermentation materia, (step B). The yeast cells are 

halfcd from Lp B by centrifugation tc obtain a concentrate of starter cuiture organ.sm 
10 cells containing about 5 x 10 8 CFU per gram. 

2.1.1 Production of the first inoculum material (step A) 

The yeast cells, contained in an ampoule of 10 grams, were used for inoculation in a 3 
15 litres fermenter containing 2800 ml of the medium as shown in table 2.1 . 



Table 2.1 Content of the medium 



used for the production of thefirst^ 



Component 



T 



Yeast Extract 



Origin 



Oxoid L21 



MgS0 4 .7H 2 0 



Dextrose 



Antifoam 



Merck 105882 



Water 



Tap water 




Merck 1 08337 



20 The medium was 
autoclaved separately 



sterilised by an autoclavation at 121 "C for 20 min. The dextrose was 



The 



propagation of the yeast was performed under pH control: 



25 



Temperature 
pH 

pH setpoint 
aeration 

fermentation time 



25°C 

pH 5.8 is adjusted in the medium prior to inoculation 
pH 5.5-5.8 (adjusted by 25% w/w NH 4 OH) 

2.5 l/min 
24 hours 



2. 1.2 Production of the final inoculum material (step B) 



The volume of the firs, inoculum material (obtained in step A) was used for inoculation in a 
5 750 litres Chemap fermenter containing 400 litres of medium. The medium compos,t,on ,s 

as shown in table 2.2. 



Table 2.2 Content of the 



medium usedforthe^^ 




Vitamin solution 



Component 


Origin 


g/L 


Riboflavin 


Merck 500257 


13.0 


Thiaminmononitrate 


Merck 500980 


13.0 


Pyridoxalhydrochloride 


Merck 500224 


13.0 


Calcium D-pantothenate 


Merck 440744Y 


13.0 


D(+)-Biothin 


Merck 500030 


1.3 


"Nicotinic acid 


Merck 481918 


40.0 


Water 


(distilled water) 


1000.0 
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sterilisation 
temperature 

pH 

pH setpoint 
aeration 



UHT treatment of the medium at 144°C for 8 sec. 
25°C 

pH 5.8 is adjusted in the medium prior to inoculation 
pH 5.5-5.8 (adjusted by 25% w/w NH 4 OH) 
370 l/min 



fed batch 



glucose added per hour after incubation for T 



feed profile T=0 12 kg 33.3% glucose 

T=17.5 1 kg/hour (33.3% glucose) 

T=21 3 kg/hour (33.3% glucose) 

T=23.75 dosing was stopped 

fermentation time 24 hours 



2.1.3 Production of a concentrate of the yeast cells obtained in step B by centrifugation to 
obtain a stock of inoculum material 

10 

After cooling, the propagated cells were subjected to a centrifugation step to obtain a con- 
centrate of the cells. Centrifugation was carried out in a centrifuge resulting in a cell 
density of 5x1 0 8 cells/gram. 20 % of glycerol were added to the concentrate. 

1 5 After centrifugation the concentrate was transferred to a sterile container with cooling fa- 
cilities, and kept at 5°C until freezing. The concentrate was filled directly into sterile non- 
pyrogenic bags made from a flexible material, each containing 1000 g of the concentrate. 
Thus, in this production example a stock inoculum material consisting of 100 bags of 1000 
g each was provided. One of these bags can be used to inoculate 5,000 litres of culti- 

20 vation medium. After filling, the bags were sealed and frozen in a freezing cabinet with 
liquid nitrogen sprayed into the cabinet by nozzles for VA hours, achieving a room 
temperature of -60°C. Subsequently the bags were stored at -50°C. 



2.2 Result and conclusion 



25 



From the above experiment it can be seen that it is possible to provide a stock of yeast 
inoculum comprising a concentrate of starter culture organism cells of about 5 x 10 8 CFU 
per gram. This stock of viable yeast cells can be used for direct inoculation of a suitable 
cultivation medium, in order to produce a starter culture useful for the fermentation indus- 

30 try. 
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EXAMPLE 3 



Production of a stock inoculum material of various usefu l starter culture organisms 

5 

In this example it is shown that it is possible to produce a stockinoculum material of dif- 
ferent kinds of organisms, such as lactic acid bacteria and Gram-negative bacteria. The 
following microbial species are used in this example: 

10 Bacillus licheniformis (CH 200) and Bacillus subtilis (CH 201) which are used for the 
imercial product Bioplus, a biological growth promoter in e.g. cattle fodder; 



comi 
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Bacillus cereus strain BP-01 is a non-toxical bacterial strain which is used as a soil 
treatment/improvement, in connection with cotton plants; 

Enterococcus faecium strain SF 202, 273 & 301 is used for the production of silage; 

Lactococcus lactis sp. lactis strain BMK16L, is used for the production of Nisin, which is 
an additive used in processed cheese; 

Pseudomonas chlororaphis strain MA 342, is a Gram-negative rod that is used as a bio- 
logical seed treatment product that prevents and controls plant diseases. 

Production procedure 



25 



The production of a stock of each of the above organisms is essentially the same as de- 
scribed in example 1 and 2, and is thus initiated by the inoculation of a mother culture 
(Primary Inoculation Material) containing 5 x 10 8 CFU/g into a volume of a cultivation me- 
dium which is incubated aerobically to obtain an inoculum material. The volume of step A 
30 is subsequently inoculated into a large volume of cultivation medium which is incubated 
aerobically to obtain the final fermentation material (step B). The cells are harvested from 
step B by centrifugation (step C) to obtain a concentrate of starter culture organism cells 
containing about 5 x 10 8 - 2 x 10 11 CFU per gram. 
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Fermentation conditions 



Media used for the fermentation: 
5 Bacillus and Pseudomonas species are fermented in TSB (Tryptic Soy Broth, Difco 0370- 
17). Enterococcus species are fermented in M.R.S Broth (Oxoid, CM359) and Lactococ- 
cus lactis sp. lactis is fermented in KK-97-6 (Chr. Hansen medium) 



Fermentation parameters 

10 For all Bacillus species the incubation temperature is 37°C, pH is maintained at 7.0 dur- 
ing all steps of the fermentation, the fermentation time in step A is about 24 hours, and in 
step B the fermentation time is about 20 hours, and in step C the time is about 30 hours. 
For all Enterococcus species the incubation temperature is 30°C, pH is maintained at 5.6 
during all steps of the fermentation, the fermentation time in step A is about 24 hours, in 

15 step B about 12 hours, and in step C about 20 hours. For the Pseudomonas species the 
incubation temperature is 28°C, pH is not maintained during the fermentation. 

All species are separated at the highest possible concentration degree and subsequently 
filled into enclosures, making up a stock of inoculum material useful for the production of a 
20 specific starter culture, used in the method according to the invention. 



